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Diatoms, especially Aulacoseira, which were previously known to be the best food for O.
esculentus in Lake Victoria were mostly encountered (93.2 %) in fish stomachs from Lake
Kayugi. In Lake Kayanja the dominant food item was the blue green algae (Planktolyngbya)
while Microcystis was the most abundant diet item in fish from other satellite lakes. There were
more male than female fish (ratio I:0.9 I and I: 0.79 in lakes Kayugi and Kayanja respectively).
This is comparable to the situation in Lake Victoria before the species got depleted. The highest
mean fecundity was (771±218 eggs) recorded in Lake Kayugi compared to Lake Kayanja
(399±143). Based on the results from Lake Kayugi, where diatoms dominated the diet of 0.
esculentus and where the largest, most fecund and healthy fish were found, this lake would
be a most valuable site for the conservation of 0. esculentus and the best source of fish, for
restocking and for captive-propagation. This lake is therefore recommended for protection from
over exploitation and misuse.
Among the Nabugabo lakes, 0. esculentus was more abundant in Lake Kayanja (20.1 %) of the
total fish catch by weight compared to Lake Kayugi (1.4 %). The largest fish examined (38.7
cm TL) was caught in Lake Kayugi, (also the largest in all satellite lakes sampled), while the
smallest (6.6 cm TL) was from Lake Kayanja. Fish from Lake Kayugi had a higher condition
factor K (1.89± 0.02) than that from Lake Kayanja (1.53±0.0 I), which was the second highest
(compared with other satellite lakes) to Lake Kawi (1.92±0.2).
.
The wide-spread impact of exotic fishes especially Oreochromis niloticus and Lates niloticus
together with over fishing in the Victoria and Kyoga lake basins during the 1950s and 1960s,
caused endemic species such as the previously most important Oreochromis esculentus to
become virtually extinct in the two lakes by the 1970s. Based on reports of presence of this
native species in some satellite lakes within the two lake basins, a set of satellite lakes in the
Victoria basin (Nabugabo lakes: Kayanja and Kayugi), were sampled between 1997-2002 with
an objective ofassessing their value as conservation sites for 0. esculentus. Oth.er satellite lakes
(Mburo and Kachera) also in the Victoria basin, and Lemwa, Kawi and Nabisojjo, in the Kyoga
basin, were sampled for comparison.
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a s s u m e d a c o m m e r c i a l s t a t u s w i t h 0 . e s c u l e n t u s a s o n e o f t h e m a i n t a r g e t
s p e c i e s ( M a n n , 1 9 6 9 ; M i l e s & K e e n l e y s i d e , 1 9 9 1 ; B a l i r w a , 1 9 9 2 ) . F r o m t h e
1 9 3 0 s t o t h e 1 9 5 0 s f i s h c a t c h e s d r o p p e d a n d f i s h s i z e d e c l i n e d d u e t o i n c r e a s e d
f i s h i n g p r e s s u r e ( F r y e r & I l e s , 1 9 7 2 ; F r y e r , 1 9 7 3 ) a n d i n c r e a s i n g u s e o f s m a l l
m e s h s i z e d g i l l n e t s ( W i t t e & v a n D e n s e n , 1 9 9 5 ) . T h i s m a d e 0 . e s c u l e n t u s o n e
o f t h e m o s t e n d a n g e r e d a n d t h r e a t e n e d f i s h s p e c i e s a n d d e p r i v e d t h e p e o p l e w h o
d e p . e n d e d o n i t f o r f o o d a n d e m p l o y m e n t . A s u r v e y c a r r i e d o u t i n t h e s a t e l l i t e
l a k e s s h o w e d t h a t t h e s p e c i e s s t i l l e x i s t e d i n s o m e , s a t e l l i t e l a k e s i n c l u d i n g t h e
N a b u g a b o l a k e s . T h e s t u d y o f t h e s a t e l l i t e l a k e s ( N a g a y i e t a l . u n p u b l i s h e d
r e p o r t ) , s h o w e d t h a t t h e c a t c h e s m o s t l y c o m p r i s e d h a p l o c h r o m i n e s ( 5 9 . 9 % ) ,
f o l l o w e d b y 0 . e s c u l e n t u s ( 2 6 . 3 % ) . T h e r e s t o f t h e s p e c i e s c o n t r i b u t e d l e s s
t h a n 5 % e a c h .
Materials and methods
Study area
There are four water bodies close to each other and collectively referred to as
the Nabugabo lakes. These comprise the main Lake Nabugabo, and three other
smaller lakes: Kayanja, Kayugi and Manywa (Fig. 1). Apart from Lake Manywa,
which had no accessible route to it, the other three lakes were sampled.
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Nabugabo area has b.een selected as one of the RAMSAR Sites in Uganda.
Some lakes in this area (for example lakes Kayanja and Kayugi) contain 0.
esculentus, which used to support a commercial fishery in Lakes Victoria
and Kyoga before the species disappeared from these two main lakes. This
study therefore, is aimed at evaluating the importance of these lakes in the
conservation of 0. esculentus compared with other lakes where the species
exists. The evaluation is aimed at reaching a decision on how best to conserve
the surviving populations, to improve their stocks and whether the Nabugabo
lakes should be given priority in conservation efforts.
Fecundity was proportional to the size ofthe fish with an overall mean fequndity
of 457±14 eggs in the satellite lakes. The highest fecundity (507±32 eggs)
was recorded in Lake Kawi while the lowest (351±19) was from Lake Mburo
(Nagayi et al. unpublished). In Lake Victoria, fecundity ranged from 324 eggs
in a fish of 17 cm TL to 1672 eggs in fish of36 cm TL (Graham, 1929) indicating
a reduction in the species reproductive potential in the satellite lakes.
The satellite lakes study showed that there were generally more males than
females (Nagayi et al. unpublished report). The data gathered showed a ratio
of 1:0.93 in Lake Kachera, 1:0.52 in Lake Kawi, 1:0.74 in Lake Lemwa and
1:0.69 in Lake Nabisojjo. In Lake Mburo however, there were more females
than males (1: 1.03). Likewise, Lowe-McConnell (1956), had reported a male to
female sex ratio of 1: 1 in Lake Victoria, even though in most areas males were
more than females. For example, there were, 1:0.72 in Pilkington Bay, 1:0.64
in Hannington Bay and 1: 1.01 Ekunu Bay.
The Nabugabo Ramsar Site
1971; Bailey et aI., 1978), was mostly found in Lake Kawi (46.8 %). In Lake
Victoria, Aulacoseira would form 48.75 % of the total algal cells present in all
fish stomachs (Payne, 1971). Schools of 0. esculentus were reported to follow
concentrations of diatoms in suspension (Gee & Gilbert, 1967; Fryer & Iles,
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L a k e K a y a n j a h a s a s u r f a c e a r e a o f a b o u t 1 . 2 k m
2
w i t h a m a x i m u m d e p t h o f
a b o u t 3 . 0 m . A p a r t f r o m t h e e a s t e r n s h o r e l i n e , L a k e K a y a n j a i s s u r r o u n d e d b y a n
e x t e n s i v e s w a m p , w h i c h i s d o m i n a t e d b y L o u d e n t i a p h r a g m i t o i d e s . N z o n s e m u
a n d K i k o m a s t r e a m s d r a i n i n t o t h e s w a m p a r o u n d t h i s l a k e f r o m t h e N o r t h - w e s t
a n d d r a i n s e a s t w a r d s t h r o u g h K a n w a s t r e a m , i n t o N a k i g a B a y o f L a k e V i c t o r i a .
L a k e s K a y u g i a n d M a n y w a a r e a b o u t 0 . 5 k m a p a r t w i t h a t o t a l c o m b i n e d a r e a o f
a b o u t 0 . 2 k m
2
. T h e s e t w o l a k e s a r e s e p a r a t e d b y a t h i c k p a p y r u s s w a m p , w h i c h
i s c o n n e c t e d t o L a k e N a b u g a b o v i a R i v e r J u m a . L a k e K a y u g i h a s a m a x i m u m
d e p t h o f a b o u t 3 . 0 m . T h e s w a m p a r o u n d t h e s e t w o l a k e s ( K a y u g i a n d M a n y w a )
i s s e r v e d b y R i v e r K a g o n a f r o m t h e N o r t h w e s t a s s h o w n i n F i g u r e I i n t h e
i n t r o d u c t i o n c h a p t e r ( P g . 5 ) .
O u t o f a l l t h e f i s h c a u g h t , 0 . e s c u l e n t u s w a s r e l a t i v e l y m o r e a b u n d a n t i n L a k e
K a y a n j a ( 2 0 . 1 % ) w h i l e i t w a s v e r y s c a r c e i n L a k e K a y u g i ( 1 . 4 % ) . H o w e v e r ,
w h e n a l l o t h e r l a k e s a r e c o m p a r e d t h e s p e c i e s w a s m o s t a b u n d a n t i n L a k e
N a b i s o j j o ( 5 8 . 1 % ) , i n t h e K y o g a b a s i n w h e r e t h e s p e c i e s w a s s u c c e s s f u l l y
s t o c k e d .
T h e l a r g e s t f i s h i n L a k e K a y u g i w a s 3 8 . 7 c m T L a n d t h e f i s h i n t h i s l a k e h a d a
m o d a l s i z e o f 1 6 - 2 1 c m T L , w h i l e i n L a k e K a y a n j a t h e l a r g e s t f i s h w a s 2 8 c m
S a m p l i n g o f O . e s c u l e n t u s i n t h e N a b u g a b o s a t e l l i t e l a k e s w a s d o n e u s i n g t h r e e
f l e e t s o f i d e n t i c a l m u l t i f i l a m e n t n y l o n g i l l - n e t s . F i s h w e r e m e a s u r e d ( t o t a l a n d
s t a n d a r d l e n g t h s ) i n c e n t i m e t r e s a n d w e i g h e d i n g r a m s . T h e s p e c i m e n s w e r e
t h e n di~sected a n d , t h e s t o m a c h f u l l n e s s a n d t h e s e x o f t h e f i s h d e t e r m i n e d .
F e m a l e g o n a d s a t m a t u r i t y s t a g e V a n d V I a n d s t o m a c h s , w h i c h c o n t a i n e d
f o o d , w e r e r e m o v e d a n d p r e s e r v e d i n 5 0 % E t h a n o l a n a 5 % F o r m a l i n s o l u t i o n
r e s p e c t i v e l y , i n s e p a r a t e n u m b e r e d b o t t l e s . I n t h e l a b o r a t o r y , t h e s t o m a c h
c o n t e n t s w e r e a l l o t t e d p o i n t s a c c o r d i n g t o t h e s c h e m e m o d i f i e d f r o m H y n e s
( 1 9 5 0 ) a n d t h e f o o d c a t e g o r i e s w e r e r a t e d i n p r o p o r t i o n t o t h e i r r e l a t i v e
p e r c e n t a g e v o l u m e s . T h e i m p o r t a n c e o f e a c h f o o d i t e m w a s o b t a i n e d f r o m t h e
p o i n t s a l l o t t e d b y c a l c u l a t i n g t h e p e r c e n t a g e r e l a t i v e i m p o r t a n c e o f t h e f o o d i n
t h e ~tomachs. E g g s i n t h e g o n a d s o f a n i n d i v i d u a l f i s h w e r e c o u n t e d t o g e n e r a t e
d a t a o f ' a b s o l u t e f e c u n d i t y ' .
L e n g t h f r e q u e n c y d i s t r i b u t i o n o f O r e o c h r o m i s e s c u l e n t u s
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The food of Oreochromis esculentus
Condition factor K
57The Nabugabo Ramsar Site
Fig 2: Variation in the value of the condition factor with size of O. esculentus in the Nabugabo
lakes
The stomach contents of o.o.esculentus from Lake Kayugi were dominated
by the diatom Aulacoseira (93.1 %), and compared with other satellite lakes,
the recorded value in Lake Kayugi was the highest, followed by Lake Kawi
(46.8 %). In the available historical data, this diatom was regarded as the most
important food of 0. esculentus in Lake Victoria (Fish, 1951, 1955; Lowe-
McConnell, 1956; Welcomme, 1966; Bailey et al., 1978). In Lake Kayanja,
The condition factor of the species in lakes Kayanja and Kayugi generally
increased with size of fish (Figure 2). The fish from Lake Kayugi had a higher
condition factor K (1.89 ± 0.02) than those from Lake Kayanja (1.53 ± 0.01).
However, the K value of the fish in Lake Kayugi was the second highest to that
of Lake Kawi (1.92 ± 0.01), in the Kyoga basin area.
TL with a modal size of 14-18 cm TL. The largest fish in Lake Kayugi (38.7
cm TL) was also the biggest specimen compared to all the sampled satellite
lakes. The fish in Lake Kayugi were generally much bigger than the rest put
together.
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t h e d i e t w a s d o m i n a t e d b y b l u e - g r e e n a l g a e e s p e c i a l l y P l a n k t o l y n g b y a ( 3 3 . 5
% ) . T h e s t u d y c a r r i e d o u t i n o t h e r s a t e l l i t e l a k e s r e v e a l e d , b l u e - g r e e n a l g a e
e s p e c i a l l y M i c r o c y s t i s a s t h e m o s t a b u n d a n t f o o d i t e m i n f i s h s t o m a c h s ( A p p e n d i x
I V ) . B l u e g r e e n a l g a e a r e , h o w e v e r , c o n s i d e r e d t o b e a p o o r f o o d q u a l i t y a n d
t h e r e f o r e , L a k e K a y u g i w o u l d p r o v i d e t h c b e s t s o u r c e f o r 0 . e s c u l e n t u s s e e d
b e c a u s e i t c o n t a i n s t h e d i a t o m s , c o n s i d e r e d t o b e t h e b e s t f o o d r e s o u r c e f o r t h e
s p e C I e s .
S e x r a t i o a n d f e c u n d i t y
T h e N a b u g a b o l a k e s h a d m o r e m a l e s t h a n f e m a l e s ( M : F i s 1 : 0 . 9 1 i n L a k e
K a y u g i a n d M : F i s 1 : 0 . 7 9 i n L a k e K a y a n j a ) a s o b s e r v c d i n o t h e r s a t e l l i t e
l a k e s . A v a i l a b l e h i s t o r i c a l d a t a o n L a k e V i c t o r i a a l s o s h o w e d t h a t t h e r e w e r e
m o r e m a l e s t h a n f e m a l e s . F e c u n d i t y i n t h i s r e g a r d i . e . t h e t o t a l e g g c o u n t p e r
f i s h ( a b s o l u t e f e c u n d i t y ) i n d i c a t e s t h e r e p r o d u c t i v e p o t e n t i a l o f t h e f i s h . L a k e
K a y u g i h a d a h i g h e r m e a n v a l u e o f f e c u n d i t y ( 7 7 2 ± 2 1 8 ) t h a n L a k e K a y a n j a
( 3 9 9 ± 1 4 3 ) . T h e s t u d y o f t h e s a t e l l i t e l a k e s e x a m i n e d g o n a d s o f f i s h r a n g i n g
b e t w e e n , 1 4 . 6 a n d 3 0 . 2 c m T L . T h e m e a n f e c u n d i t y i n L a k e K a y u g i w a s t h e
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Recommendations
0. esculentus is considered an endangered fish species and should be protected
wherever it occurs especially in Lake Kayugi, where fish with the best population
characteristics are found. Protection should initially be through gazzeting ofthe
lake followed by controlling access to the lake. Efforts should also be made to
culture the fish and stock it in selected small water bodies especially dams to
contribute to conservation and improvement of the stocks.
aspects (relative abundance, population structure, condition factor, food, sex
ratio, and fecundity) were investigated and compared. 0. esculentus, which used
t6 be the most abundant and important commercial fish species in Lake Victoria
and Kyoga, is now apparently extinct in these main lakes. However, remnants
ofthe species are not abundant where they occur. This indicates that, the species
is in danger of becoming extinct and, therefore the remnant populations need
to be protected. In Lake Victoria the historical 0. esculentus used to feed on
planktonic material with a strong preference to diatoms especially Aulacoseira
(Fryer & Iles, 1972; Fish, 1951, 1955; Lowe-McConnell, 1956; Welcomme,
1966; Bailey et al., 1978). However, data from the satellite lakes has shown a
shift in the diet, from the dominance of diatoms to blue green algae especially
Microcystis and this shift may suggest a superabundance of this species in the
algal communities. Such a shift in phytoplankton species composition might
result in a lower efficiency of energy transfer to higher trophic levels, since
blue green algae are considered to be of poor food quality (LamP~rt 1981;
Heerkloss et al. 1984; Harney 1987). In addition, some of the blue gryen algae
are known to be toxic to the fish and other biota. In Lake Kayugi, where the
diatom Aulacoseira was the most abundant food item in fish stomachs, the
fish in this lake attained the largest size, were most fecund and had the second
highest condition factor K. These attributes rate Lake Kayugi as the best source
of 0. esculentus for future restocking programs and indicates the value of
the Nabugabo lakes in conservation of the species. 0. esculentus needs to be
protected first by g~zzeting selected lakes including Lake Kayugi followed by
systematic regulation of exploitation of the fisheries resources. Currently, Lake
Kayugi is being protected by traditional myths (for example, boats/canoes are
prohibited to operate on the lake and the few fishers use rafts, all intending fishers
must seek pennission from the lake's caretaker, and no drawing water from the
lake using sooty saucepans). These myths have to a great extent controlled the
level of fishing effort on the lake. Such traditions need to be further sustained
and supported as one approach to protect the fishery and preserve the cherished
0. esculentus species.
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